In the developed world people spend over 80% of their time indoors. The quality of the air indoors is therefore very important for population health. Indoor air quality may be affected by the photochemical degradation of primary indoor air pollutants. These indoor reactions need to be understood because they lead to secondary pollutant formation, which may have potentially serious and often unknown health implications. A highly detailed computational model study for UK homes proposed that free radical driven chemical degradation of constituents of indoor air contribute significantly to the formation of secondary air pollutants. Furthermore that the reaction pathways for indoor radical formation are different to those of outdoors, being highly dependent on the levels of ozone (O 3 ) and reactive monoterpenes (MTs) present (Carslaw 2007).
INTRODUCTION
Indoor air quality (IAQ) directly influences population health, particularly in developing countries poor IAQ from indoor biomass burning is a major contributor to morbidity and mortality. However, IAQ is also important in the developed world where people spend a very high proportion of their lives indoors. Since the 1970s significant research has been undertaken to understand the factors that contribute to the introduction of air pollutants indoors (Weschler 2009 ). Secondary pollutants, whose presence in the air is the result of chemical reactions of volatile organic compounds (VOCs), are of high concern for their potential health implications (Sunil et al. 2007) . Therefore the photochemical degradation reactions of VOCs indoors need to be studied in detail. Beyond traditional analytical testing, computational modeling is a valuable tool to determine which secondary species may be produced indoors. Carslaw (2007) presented a highly detailed computational model study for UK homes, but it lacked specific observational measurement data. This work proposed that free radical driven chemical degradation of constituents of indoor air contribute significantly to the formation of secondary pollutants. The conclusion being that the driving forces of chemistry indoors are commonly observed compounds. For example, the attenuation of light indoors shifts the primary route for OH production to favour reactions between O 3 and monterpenes/alkenes. Similarly NO and O 3 indoors determines peroxy radical production.
This study intends to create a near explicit (143 VOCs, nearly 17,000 reactions) model adaptable for the specific indoor residential environment being modeled through the inclusion of observational data. Carslaw's (2007) paper highlighted the importance of reducing assumptions for the variables and factors that influence indoor chemistry. The model was developed with the Master Chemical Mechanism (MCM) framework, (http://mcm.leeds.ac.uk/MCM) for the climate, architecture and typical conditions of Western Europe. We have worked to extend this model by reducing the number of assumed variables; through the collection of observed data. Room size, air exchange, population density, climate and VOC sources are highly variable and markedly different in the northern and southern hemispheres and so location specific data is important for model construction. We undertook an investigation of the indoor air chemistry of residential properties in Perth, Western Australia (WA) across two seasons. Observational measurement data from these houses were then used to constrain a near explicit chemical model for indoor environs in the southern hemisphere (SH). This paper briefly describes the analytical methods used to collect data from a number of Perth metropolitan homes and the subsequent inclusion of this data into a model construct. The output from these models was used to examine the influences that seasonal variations have on the reactive chemistry in the indoor residential environment.
FIELD SAMPLING

Sampling Methodology
A method for detecting a large number of trace chemical compounds was developed through a series of method validation tests. A customized compound list of certified reference materials (Spex Certiprep, Metuchen NJ) allowed for 52 VOC to be assessed. These were chosen based on the substantial literature reporting of common primary indoor species. Multisorbent thermal desorportion (TD) tubes were chosen because they are highly economical, transportable and reliable with measures taken to ensure that recovery and compound validation fell well within the US-EPA TO-17 compendium method guidelines (USEPA 1999) . The Perkin Elmer AirToxics (0.3g) TD tubes were connected to SKC calibrated Pocket Pumps at a measured flow as near to 200ml/m as achievable and a 20 L sample volume to be collected. Sample analysis was conducted on a Perkin Elmer 650 Automatic Thermal Desorber paired with a Varian 4500 GCMS; the limit of detection was typically 0.04-0.06µg/m 3 .
The data for the observational study were collected from residential homes in Perth, Western Australia (Population; 1.45 million, ABS 2008). Volunteer households were recruited through a mixture of previous health study participants, letter drops and referrals from other volunteers. The location of the majority of homes, in the southern suburbs represented typical Perth suburban living (ABS 2008) see figure 1. In order to assess a broad range of indoor air quality scenarios (low to high concentrations) specific household types were targeted:
• 'Typical' Australian single storey brick residences built within the past 40 years, • Homes located within 100 m of a high traffic road (>40 vehicles/day, MainroadsWA(2010) ) (to determine the impact of traffic related pollutants),
• Homes built or renovated within the past 12 months (which are likely to have elevated levels of indoor VOCs (Brown 2002) ).
Some apartment residences were also tested. Indoor and outdoor air measurements were taken as residents carried out their normal routine. Individual sampling periods were 100 minutes within this time frame, with up to 3 houses sampled each day. This was determined to be a non peak traffic period with minimal household activities taking place. Data previously collected over the course of the day from one location showed minimal variation in this time period. Samples were taken inside the main living space of the home; this was usually an open plan living, kitchen and dining area towards the back of the home. Equipment was set up in an area clear of activity at a height of 1 -1.5 m. Alongside the TD tube/pump configuration were a weather station (Davis Instruments Vantage Pro 2), portable WO 2 resistor electronic O 3 and NO 2 monitors (Aeroqual 500), and PM 2.5 Dustrak monitors. The O 3 , NO 2 and dust monitors were set to a 1 minute sample log rate. Identical equipment was placed directly outside the home for concurrent sampling. Where possible this was out the front of the home within 5 meters of the front door. However in situations where this was not possible equipment was placed at the back of the home, within 5 metres. A questionnaire was given to all participating households in regards to the house age, location and construction as well as typical chemical, cleaning and ventilation habits and for activities during the sampling period. All participating households were nonsmoking homes. (ABS 2008) . Ambient temperatures ranged from 11 -26°C during sampling, with rain observed on 5 of the 21 days samples were taken. Fifty homes (40 separate, 10 units) were sampled in the summer period but VOC data were available only for 31 homes. Ambient temperatures ranged from 29 -42°C in the summer and there were no days with rain. VOC data were collected from 18 of the homes in both seasons.
Field Sampling Results
Average indoor VOC concentrations were lower in summer compared to the winter testing season (see Table  1 ) with similar species observed in both seasons. Of the 52 calibrated VOC species 48 were observed in at least 20% of samples. Benzene, toluene, ethylbenzene, xylene (BTEX), monoterpenes (i.e. pinene, limonene and carene) as well as several alkanes and alkenes were observed in over 80% of houses (indoors): these are important to note for indoor chemistry. Indoor concentrations were generally 5 or more times those observed outdoors in winter and 3 times greater in summer. These results were comparable to previous Perth VOC studies (Maisey et al. 2009 (Carslaw 2007, Forester and Wells 2011) suggests is an important driving agent for indoor air chemistry and had previously only been approximated.
(1)
The base model equation (1) was taken from Carslaw (2007), Vd; deposition velocity values were grouped as described in Sarwar et al. (2002) . Total house surface area (A i ) and Volume (V i ) was calculated from observations. The Ai and Vi of a typical 3x2 single storey Perth home with a large open plan living space was 670m 2 and 335m 3 , respectively. Indoor (C i ) and outdoor (C o ) VOC concentrations were initially calculated from mean observed values. VOCs for which observation data was not available was nominally set at 0.2 ppb. The air exchange values of the home (λ r ) were set to 0.41h -1 in winter (Haste et al. 2009 ) and 1.3 h -1 in summer (MFESA 2011). Emissions species (Q i ) were calculated as described in Sarwar et al. (2002) using mean indoor/outdoor concentration values for observed species that are included in the MCM. For MCM species not observed in the study initial values were calculated based on values for observed species (with like species being grouped). Reaction rates (Rij) were taken from literature (as described in http://mcm.leeds.ac.uk/MCM/); Complex rates were updated to IUPAC 2009 and Atkinson et al. (2006) . Photolysis indoors was treated following Nazaroff and Cass (1986) , with the base case initially run with attenuation factors (0.1) of outdoors, with photolysis rates updated using the TUV (Madronich 1998 ) model tailored for the Perth region seasonal solar declination and zenith angle. Outdoor radical profiles were approximated from available literature for; OH, CH 3 O 2 and HO 2 and were broadly consistent with field observations (Platt et al. 2002 , Emmerson et al. 2005 . HONO profile was set ~300 ppt at night and ~20 ppt during day (Alicke et al. 2003) .
Indoor Model Output Figure 2 Example of 'typical' Temporal change in O 3 and NO 2 indoors
The baseline models were run using the Facsimile 4D software program (mcpa 2011). Each simulation was run for 96 hours with the model output set hourly from 06:00 h. The final 24 hours of output was used for analysis, as this represents a point where near steady state of OH radical formation is achieved. An example of model output displaying inorganic compound temporal change is shown in Figure 2 . Examples of individual VOCs as well as the total hourly change in total VOCs (TVOC) is also presented (figures 3 and 4) .
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DISCUSSION AND CONCLUSIONS
Presented in this paper is the preliminary construction model for indoor air reactive chemistry in Perth, WA. The reported data extends Carslaw's (2007) work by including observation specific data and an updated MCM protocol. There are a number of points of interest raised from the results of this preliminary study.
Constraining the model with a more realistic representation of the West Australian indoor VOC composition has begun to give insight into the influence it has on radical and secondary product formation. The order of magnitude and distribution of the O 3 and NO 2 output from the model (Figure 2 ) is in agreement with the observed data from homes in this study and this output suggests no obvious seasonal effect indoors. The OH radical concentrations from the model are also in reasonable agreement with those presented in Carslaw (2007) and follow the expected diurnal variation. The indoor profiles from this base case model are comparable with the observational data; however sensitivity testing on this factor has not yet been carried out. Here it is important to note the high variability of the O 3 and NO 2 measurement data between houses (see section 2.2), as well as the ambient data from the Western Australian Department of Environment and Conservation (DEC 2011) air monitoring sites. These emphasize the importance of location specific data and it will be valuable to perform model sensitivity tests to determine how such variations affect the chemistry of indoor air.
Construction of the summer and winter models included observed data for temperature and humidity. Despite the substantial ambient temperature and humidity differences across the seasons, only a mild (2 -5°C) increase in indoor temperature during summer was observed. The most significant difference between seasons is the larger air exchange rate in the summer months, due to seasonal winds and the greater chance of householders opening windows and doors. With these points in consideration we may note that despite the higher observed indoor VOCs in winter, the hourly change in TVOCs from the model output shows little difference between seasons. Figure 4 shows the trend for change in TVOC, which represents an expected morning low before increasing in the afternoon. Individual species, as given in some examples in figure 3, did show a seasonal difference in both magnitude and temporal variation.
Ongoing refinements of the model will explore the behavior of reactive components in indoor air, specifically the nitrate radicals and their substrates. These in particular have been highlighted (Norgaard 2011) as of extreme importance for future studies. As new research emerges, with regards to surface reactions and deposition velocities for other species the model can readily be adapted to incorporate these results as important factors for indoor chemistry that is not applicable to ambient (outdoor) chemical models. In addition the current photolysis representation does not include reaction factors for the influence of artificial light indoors and needs to be updated to better characterize the as yet undetermined flux of light in the typical residential indoor environment in Perth, WA.
As has been emphasized the model presented in this paper presents the baseline development of an explicit computational model of reactive indoor air chemistry. Future developments with sensitivity testing of the chemical and physical parameters of household micro climates will enable ongoing study on how our behavior indoors has the potential to influence the quality of the air we breathe.
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